In order to obtain some useful information on rapid process for functional film deposition, TiO 2 film deposition by thermal plasma chemical vapor deposition (TPCVD) method under an atmospheric environment were carried out. The experiment was conducted on the condition that working gas was Ar, working gas flow rate was 20L/min, the spraying distance was varied from 10 to 60mm and spraying time was 5 min. As feedstock material, titanium tetrabutoxide was used. According to the XRD charts, the TiO 2 films formed by TPCVD contained peaks of rutile-type and anatase-type. Beside, from the results of wettability test and methylene blue decoloration test, it was proved that the TiO 2 films had high photocatalytic properties and the properties of the samples came to be high as the spraying distance during deposition became short. From these results, this process was thought to have high potential for rapid functional film process.
Introduction
Since the concern for the photocatalyst rises rapidly for these several years, and a lot of articles possess the photocatalytic properties have come to be seen in newspapers and journals, and so on. The photocatalyst is a one of the materials which triggers an oxidation-reduction reaction, this material is used for dye sensitized solar cell, antibacterial, self cleaning, antifogging, deodorization, decomposition of various contaminants and so on 1)2) . Although TiO 2 has been used mainly as powdered so far, its application range become expanded because TiO 2 film could be formed by sol-gel method, Physical Vapor Deposition (PVD), Chemical Vapor Deposition (CVD) in recent years. Though sol-gel method has high deposition rate, it is difficult to control the organization and components of the deposited film precisely in this method. While it is easy to control the organization and components in PVD and CVD compared to sol-gel method, deposition rate of them is slow because these methods are vapor deposition process. From such a problem, it is hope the development of high speed deposition method that organization and component can control precisely is hoped.
On the other hand, Thermal plasma CVD (TPCVD) attracts attention as a high-speed deposition process which is functional films such as diamond 3) , silicon carbide 4) and so on.
However, in the conventional TPCVD, since film deposition was conducted under an low pressure environment in order to control the atmosphere precisely like PVD and CVD, this process has some disadvantages such as high equipment and maintenance cost due to vacuum equipment, long time deposition due to atmosphere control, sample size limitation due to the size of vacuum chamber and so on. In this study, for the development of the easy TPCVD process, deposition of TiO 2 by TPCVD was carried out in open air.
Experimental procedure

2-1 Experimental Equipments
The outline of TPCVD used in the experiment was shown in the Fig.1 . This experimental equipment was composed by plasma torch, feedstock material supply system, direct current power supply, and Ar working gas. The structure was almost the same as that of Atmospheric-Thermal-Plasma-Spraying (APS). As for the plasma torch, feedstock material supply port was equipped at the tip of nozzle and the nozzle consists of the anode the cathode and the water-cooling device.
Moreover, the outline of traverse equipment is shown in the Fig. 2 . This device was composed by substrate holder, shaft, and motor. The shaft which was passed through the substrate holder was connected with the motor, substrate holder was moves by rotating the motor.
2-2 Experimental Procedure
This experiment went in accordance with the following process. Ethanol (C 2 H 5 OH) diluted titanium tetrabutoxide (Ti(C 4 H 9 O) 4 ) (C 2 H 5 OH:Ti(C 4 H 9 O) 4 =1:1) was used as feedstock material. Oxygen which composed TiO 2 was supplied from ambient air. The experimental condition is shown in Table 1 . The spraying distance was varied from 10 to 60mm (10mm interval) according to the purpose. The component analysis of the film was conducted by X-ray diffraction.
2-3 Examination method of photocatalytic property
Two kinds of experiments were conducted in order to investigate the photocatalytic properties of the film. At first, wettability test was conducted by dropping a water droplet on the film and measuring the contact angle of the droplet (Fig.3) . The contact angle was measured several times on each condition and the average value was used for discussion. As for the methylene blue decoloration test, a methylene blue droplet was dropped on the TiO 2 coated substrate and UV irradiated the substrate in the dark room. After that, photocatalytic property of the film was confirmed by variation of the methylene blue droplet as a function of time. Fig.4 shows the appearance photograph of the film on each condition of the spraying distance, Fig.5 shows the cross section of the film deposited on the condition of 20mm in the spraying distance (d=20mm), Fig.6 shows the thickness distribution of the film in the case of d=20mm. As shown in Fig.4 , every substrate was covered with the film perfectly. From this result, it was proved that large area deposition could be conducted by using traverse equipment even in TPCVD. Table 2 shows the deposition rate and substrate temperature of the sample deposited on the condition of each spraying distance. (Thickness of the film in the case of 60mm in the spraying distance was too thin to be measured by optical microscope.) The result shows that high rate deposition could be conducted by using this technique in comparison with the conventional methods such as PVD and CVD. Result of X-ray diffraction is shown in Fig.7 . When the spraying distance was shorter than 40mm, peaks of rutile and anatase were detected because these films were well crystallized. As the spraying distance was elongated, the peak gradually became broad (degree of crystallinity was deteriorated) and the peak of the substrate was detected stronger than that of the film. However, since the poorly crystallized film was over 10micron thick, it was thought to be amorphous.
According to these results, the film was thought to be deposited with the following mechanism. The feedstock material was evaporated in the thermal plasma jet, it formed amorphous particles during flight and the particles were accumulated on the substrate on the condition of long spraying distance. On the other hand, the evaporated feedstock material forms highly crystallized lamellar structure film on the substrate on the condition of short spraying distance.
3-2 Wettability test
Figs. 8-9 show side view of the sample during wettability test and contact angle of the water droplet on the film in each spraying distance. There is no difference between the tendency of the contact angle variation in the case of the traverse equipment use and that in the case of the non-traverse equipment use. The contact angle became large as the spraying distance was elongated in both cases. Although the contact angle was about 8 degrees in the case of ds=10mm, the angle became about 130 degrees in the case of ds=60mm. This result showed that the property of the film could be controlled from hydrophilic to hydrophobic by varying the spraying distance in this technique.
As shown in the XRD patterns (Fig.7) , degrees of crystallinity of the film was deteriorated with increasing spraying distance. Therefore, it was thought that the amorphous particles were hydrophobicity though the crystallized film was hydrophilic. Since the smooth surface diffusion of an electron (e-) and an electron hole (h+) was deteriorated and recombination of them was promoted when degree of crystallinity of the film came to be Table2 Deposition rate and substrate temperature of the sample deposited on the condition of each spraying distance low, the photocatalytic property became low 5) . As for the wettability, it seemed to be affected by surface roughness of the sample since the as-spray film coated sample was used. However, according to the observation results of the cross section of the sample 6) , the influence of surface roughness on contact angle was thought to be negligible because the surface roughness of each film is almost constant. Fig.10 shows the results of methylene blue decoloration tests for 1 hour, and for 24-hour. Four kinds of samples ((A), (B), (C) and (D)) were created on the conditions shown in Table 3 . Contact angle difference among them occurred immediately after the starting the test. In the cases of the samples (A) and (B) deposited on the conditions of 50 and 60mm in the spraying distance, the films showed hydrophhobicity and decoloration effect could not be confirmed even 24-hour later. While, in the cases of the samples (C) and (D) deposited on the condition of 20mm, the films showed hydrophilic and decoloration was occurred by only 1 hour UV irradiation. As mentioned in section 3-2, as the reason, it was thought that photocatalytic phenomena did not appear in the case of the film with low degree of crystallinity, because smooth surface diffusion of the electron and the electron hole (Fig.11) and prevention of recombination between the electron and the electron hole (Fig.12) were not promoted, when photocatalyst action has been low.
3-3 Methylene blue decoloration test of the film
The hydrophilic property of the film and methylene blue decoloration were thought to be occurred by the following mechanisms. As for the hydrophilic property, the film became hydrophilic because oxygen atoms of TiO 2 on the surface of the film formed hydrophilic groups (-OH) by chemical reaction to the water from ambient air. On the other hand, from the result of methylene blue decoloration test, the electron and the hole, which were generated by the photocatalytic action, caused the reaction shown in Eq. (1) 7 
Conclusions
In order to develop a Thermal Plasma CVD process which can deposit a film under an atmospheric environment, deposition of titanium oxide was carried out. Consequently, we conclude as follows; (1) TiO 2 film which included anatase and rutile could be deposited by using this TPCVD technique without post heat treatment needed in the case of sol-gel method. (2) Uniformly thick film could be deposited by using traversing equipment. (3) Film structure of the film was varied from rutile and anatase mixture to amorphous by increasing spraying distance. Even in the case of rutile and anatase mixture film, the film structure was varied from rutile rich to anatase rich by increasing spraying distance. (4) Results of the wettability test, the contact angle of water droplet changed by variation of working gas flow rate and/or spraying distance. With increasing spraying distance the contact angle increased from about 7.8 degree (in the case of ds=10mm) to about 107 degree (in the case of ds=60mm). The film property could be controlled from hydrophilic to hydrophobic by controlling in this process. (5) Results of methylene blue decoloration test, the decoloration effect of the well crystallized film could be confirmed. However, the effect could not be confirmed in the case of the film with low degree of crystallinity. 
